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.2012.09.Abstract Catalytic dehydration of methanol to dimethyl ether was carried out over nano-zeolites
and their modiﬁed samples via ultrasonic technique. Parent H-Beta and Parent H-Mordenite zeo-
lites are used as synthesized and after sonication. H-Mordenite sonicated for 20 and 120 min
whereas H-Beta sonicated for 20 min only. The reaction temperature was varied between 100
and 225 C at three different contact times. The different catalyst samples were characterized using:
XRD, FTIR, TEM, SEM and NH3-TPD techniques. The results revealed that sonication of parent
zeolite samples affects on the unit cell dimensions and their crystal size. FTIR-spectroscopic anal-
ysis indicated that sonication may decrease the pore opening and cause framework structure defects.
TEM and SEM micrographs showed that sonication broke-up and re-ordered zeolite crystals with
longer time resulted in a different morphology relative to parents and also change the particle size.
Sonicated samples have a good performance in methanol dehydration with complete conversion
and complete selectivity to dimethyl ether at lower temperature relative to the corresponding parent
zeolites. TPD results indicated that the concentration of strong acid sites decreased in sonicated H-
Mordenite samples leading to an increase of their catalytic activity and the selectivity to DME. On
the other hand, ultrasonic treatment of H-Beta sample decreased its catalytic activity.
ª 2012 Egyptian Petroleum Research Institute. Production and hosting by Elsevier B.V.
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0031. Introduction
Dimethyl ether (DME) has a good attention as a potential
clean fuel for diesel engines due to its higher cetane number,
lower concentration of particulates and NOx in emission. Also
it is a useful chemical intermediate for the preparation of many
important chemicals such as dimethyl sulfate [1]. DME can be
produced from methanol and natural gas. In the former
process, methanol is dehydrated into DME. However, in the
latter, synthesis gas produced from natural gas is ﬁrsthosting by Elsevier B.V. Open access under CC BY-NC-ND license.
92 S.M. Solyman et al.converted into methanol and the methanol is then dehydrated
into DME [2–6]. Nonetheless, both processes include reaction
of methanol to DME through Eq. (1) catalyzed by liquid sul-
fate, phosphoric acid or solid acid catalysts [7–10]:
2CH3OH!CH3OCH3 þH2O ð1Þ
Several solid acid catalysts such as HZSM-5, H-Beta, alu-
mina and SAPOs have been employed for methanol dehydra-
tion at temperatures within 250–400 C [11–16]. The reaction
conditions inﬂuence the reaction mechanism, i.e., whether
the reaction proceeds along a SN1 or a SN2 pathway [13,14].
Temperature programed reaction studies of methanol conver-
sion over HZSM-5 suggested that three reaction routes to form
dimethyl ether exist, i.e., via an alkoxonium cation and via two
alkoxy pathways [14,15]. At low temperatures the reaction
proceeds via an Eley–Rideal type mechanism. In the transition
state one methanol molecule forms a methoxonium ion, water
leaves the molecule and simultaneously another weakly sorbed
methanol binds to the methyl group forming protonated di-
methyl ether. The protonated dimethyl ether donates immedi-
ately the proton back to the zeolite and desorbs (Eq. (2)). As
the reaction temperature increased, a portion of the methanol
molecules was transformed into methoxy groups which replace
the proton in bridging (SiOHAI) and terminal (SiOH) hydro-
xyl groups (Eqs. 3 and 4 respectively). These methoxy groups
react with weakly associated methanol to form dimethyl ether
under simultaneous restitution of the hydroxyl group. While
the methoxy group is covalently bound to the zeolite lattice,
its reactivity increases with the acid strength of the hydroxyl
group it replaced [14,15]. Thus, methoxy groups at bridging
hydroxyl groups produce dimethyl ether at lower temperatures
than methoxy groups at terminal hydroxyl groups [16]. Com-
parison of the chemistry over various zeolites indicates that
formation and reactivity of a speciﬁc type of the methoxy
group are connected in a complex way with the polarizability
of the lattice and the overall acid/base properties [17]:
CH3OHþ CH3OHþ2 !DMEþH2OþHþ ð2Þ
CH3OHþ SiOCH3Al!DMEþ SiOHAI ð3Þ
CH3OHþ SiOCH3!DMEþ SiOH ð4Þ
Some zeolites are not active enough and/or deactivated rap-
idly due to high dehydration temperature, strong acidity and
wide pores [12,13,18] resulting in low selectivity to DME. So,
extensive researches have been focused on ﬁnding better cata-
lysts which have higher catalytic activity, higher stability, com-
plete selectivity for DME and fewer tendencies to generate
hydrocarbons and coke [10]. Recent studies have shown that
solid catalysts including medium to weak acid sites are desir-
able for DME production and catalyst stability so, several
modiﬁcations focused on the adjustment of catalyst acidity
[10,19].
Kazemeini et al. studied the effect of modiﬁed H-Mordenite
with different metal oxides on methanol dehydration to DME
[20,21]. The results indicated that H-Mordenite modiﬁed with
aluminum oxide was the best catalyst. Also, they found that
with increasing the Si/Al ratio the conversion and selectivity
were reduced.
Ultrasonication is an efﬁcient means for wet-milling and
micro-grinding of particles. Dispersion and deagglomeration
by ultrasonication are a result of ultrasonic cavitation. When
exposing solid–liquid to ultrasound, the sound waves thatpropagate into the liquid result in alternating high-pressure
and low-pressure cycles. This behavior applies mechanical
stress on the attracting forces between the individual particles
resulting in reduced size particles, changes its surface charac-
teristics (electronic properties) and consequently its chemical
reactivity.
Mechanical modiﬁcation of zeolites using the ultrasonic
technique, to our knowledge, has not been examined before.
The objective of this work is to study the effect of the
ultrasonication technique on: (a) the different characteristics
of H-Mordenite and H-Beta, and (b) the performance of these
modiﬁed samples toward the catalytic dehydration of metha-
nol to dimethyl ether (DME).
2. Experimental
2.1. Catalyst modiﬁcation and characterization
Parent H-Mordenite and Na-Beta zeolites were purchased
from Su¨d Chemie AG, Mu¨nchen, Germany. H-Beta zeolite
(denoted as H-Beta) was prepared from Na-Beta zeolite by ex-
change ﬁve times using an NH4NO3 solution under reﬂux. A
fresh solution was used each time and the reﬂux continued
for 8 h at 70 C. The zeolite was then separated, washed with
distilled water until free from NO3 , dried at 110 C overnight,
and then calcined in air at 550 C for 3 h. Parent zeolites were
modiﬁed by ultrasonication for 20 and 120 min in a mixture of
deionized water and ethanol (supplied by BDH Co.) using
ultrasonic processor (model UP 200S, Hielscher Co., ampli-
tude = 60%, cycle = 1 and 50 Hz). The solid catalyst was sep-
arated via centrifugation, drying at 110 C for 3 h and then
calcined at 500 C for 3 h. Sonicated H-Mor samples were de-
noted as H-Mor (20 min) and H-Mor (120 min), whereas son-
icated H-Beta samples denoted as H-Beta (20 min) and H-Beta
(120 min).
The zeolite samples were characterized by different tech-
niques. XRD- analysis was performed using Bruker axs – D8
Advance CuKa target with secondly monochromator. FTIR
measurements were performed using Nicolet IS-10 FTIR over
the wave number 4000–400 cm1. Transmission electron
microscopy (TEM) was performed on JEOL 2100. Scanning
electron microscopy (SEM) images were taken using a JEOL
JSM-5300 instrument working at 30 kV. Acidity measure-
ments were performed by temperature programed desorption
of ammonia (NH3-TPD) with a conventional ﬂow apparatus
equipped with a thermal conductivity detector (TCD). A given
amount of the sample 0.1 g, was pretreated in ﬂowing helium
(50 ml/min) at 500 C (5 C/min) for 2 h, cooled to 100 C,
and then exposed to NH3 (20 mL/min) for 1 h. The samples
adsorbed by NH3 were subsequently purged with He at the
same temperature for 1 h to remove the physisorbed NH3.
The TPD measurements were conducted in ﬂowing He
(50 mL/min) from 100 to 900 C at a heating rate of 5 C/min.
2.2. Dehydration of methanol to dimethyl ether
The effect of the ultrasonic technique on the performance of
parent H-Beta and parent H-Mordenite toward the dehydra-
tion of methanol was examined. The vapor phase dehydration
of methanol was carried out in a conventional ﬂow type [22], at
a reaction temperature range of 100–225 C, different metha-
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min (S.V. = 4 ml g1 h1) and 0.111 ml/min (S.V. = 2.66 ml g1
h1), corresponding to contact times 15, 30 and 45 min respec-
tively and catalyst weight 2.5 g. The reaction products were ana-
lyzed using a gas liquid chromatograph (Hewlett Packard -5890)
equipped with ﬂame ionization detector and connected with Car-
bowax backed column.
3. Results and discussion
3.1. Characterization of zeolites
3.1.1. X-ray diffraction analysis (XRD)
Fig. 1(A and B) represents X-ray diffractograms of parent H-
Mor, H-Beta and their sonicated samples being treated for dif-
ferent time intervals. The diffraction peaks for all samples are
sharp and clearly well developed. The X-ray diffractograms of
H-Mor zeolite samples (Fig. 1A) reveal that the relative inten-
sity of all diffraction peaks and thus the crystallinity of the
parent sample are slightly increased and then sharply de-
creased with sonication time 20 and 120 min, respectively.
Also, crystallite sizes as evaluated and computed applying
Scherre’s equation conﬁrm these results. However, the parent
zeolite clusters acquire an average crystallite size of 41.4 nm.
Applying sonication for 20 and 120 min, these samples ac-
quired 46.0 and 37.6 nm respectively. The d-spacing values
are 3.46850 A˚, 3.46262 A˚ and 3.47887 A˚ for H-Mor, H-Mor
(20 min) and H-Mor (120 min) respectively, indicated that
the unit cells in the crystals get smaller after 20 min sonication,(A)
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Figure 1 XRD patterns of: (A) parent H-Mor and its sonicated
samples after 20 and 120 min and (B) parent H-Beta and its
sonicated sample after 20 min.whereas these unit cells became slightly larger after the longer
sonication time 120 min.
The XRD patterns of parent H-Beta are the same as those
published previously [23] and H-Beta (20 min) samples will show
crystallinity (Fig. 1B). The relative intensity of all diffraction
peaks decreased to a large extent indicating a decrease in the de-
gree of crystallinity with sonication. This ﬁnding was conﬁrmed
from the crystallite size that calculated for the parent beta zeolite
(45.7 nm) which decreased to 26.4 nm after 20 min sonication.
The d-spacing values obtained for the parent H-Beta zeolite
and the sonicated sample measured 3.96274 and 3.96818 A˚ show-
ing a slight increase in the unit cell dimension.3.1.2. FTIR- spectroscopic analysis
Fig. 2(A and B) shows the FTIR- spectrum of parent H-Mor,
parent H-Beta and their samples being sonicated for different
time intervals. The FTIR spectrum of the sonicated H-Mor
after 120 min is almost identical to that of the parent with
some difference from that sonicated after 20 min. In the parent
H-Mor spectrum (Fig. 2A) there is one large band at
461.75 cm1 which assigned to structure insensitive internal
TO4 tetrahedral bending vibrations (T = Si or Al). This band
shifted to 460.55 and 458.76 cm1 after sonication 20 and
120 min respectively. This ﬁnding may indicate a decrease in
the pore opening by increasing sonication time [24]. The large
and broad band appears in the range of 1060–1090 cm1 due
to asymmetric stretching vibration (ta(OTO)), which is sensitive
to the silicon and aluminum contents in the zeolitic
framework. This band appeared at 1092.02 cm1 in the parent(B)
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Figure 2 FTIR- spectrum of: (A) parent H-Mor and that
sonicated samples after 20 and 120 min and (B) parent H-Beta and
that sonicated after 20 min.
Figure 3 TEM photographs of parent zeolites (H-B and H-Mor) and their sonicated samples after different times.
94 S.M. Solyman et al.H-Mor sample and shifted to lower wave number 1090.7 and
1085 cm1 with increasing sonication time respectively. The
shift to lower wave number is probably due to a decrease in
Si/Al ratio as suggested by other authors [24,25] with the in-
crease in sonication time. Therefore, it is possible that sonica-tion caused isolation of some silanol groups. Also, the
transmittance% of this large broad band increased and then
decreased with increasing sonication time. In other words the
intensity of this peak decreased and then increased indicating
a decrease and then an increase of particle size [26,27]. The
Figure 4 SEM photographs of parent zeolites (H-B and H-Mor) and zeolites after different times of sonication.
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of adsorbed water in parent H-Mor and H-Mor (120 min)
samples which is more pronounced relative to H-Mor
(20 min) sample [28]. This observation may result in a swelling
and increasing the unit cell volume of both H-Mor parent and
H-Mor (120 min) while a smaller unit cell volume for H-Mor
(20 min) is in agreement with XRD data [28]. Due to the
hydrogen bonding of water with OH groups, the bands in
the hydroxyl spectral region (3000–4000 cm1) are structure
less and broad in H-Mor (20 min) sample. Whereas, in the
other two mordenite samples, more pronounced three broad
bands at 3200–3600 cm1 mostly indicate a higher concentra-
tion of structural defects due to hydrogen bonded internal sil-
anol groups present at defect sites [29,30].
The FTIR adsorption bands of the sonicated H-Beta
(20 min) are clearly different from the corresponding parent
(Fig. 2B). In general, H-Beta shows much better resolution
of the lower frequency range bands compared to that of H-Mor. The higher resolution of the bands appeared at 524,
572, 618 and 793 cm1 in the spectrum of parent H-Beta
[26,31] conﬁrmed the structure of nanocrystalline zeolite beta,
revealed the high crystallinity with typical BEA topology and
established the results of XRD investigations. The adsorption
bands appearing in the region 524–618 cm1 in H-Beta
(20 min) are assigned to some changes in the crystal framework
due to sonication. A band appeared in the range of 950–
900 cm1 ascribed to the terminal Si–OH (silanol) groups at
the external surface of the crystallites. The increase in the
intensity of the band appeared at 950.13 cm1 after sonication,
indicating a high concentration consequence of small crystal-
lites [32], resulted in increasing the terminal Si–OH groups at
the external surface [24] coincided with crystallite size data.
The large and broad peak appeared at 1093.96 cm1 and
shifted to 1090.55 cm1, may be related to a decrease in Si/
Al ratio which is in agreement with Yang and Xu results
[25,26]. Also, the intensity increased (low transmittance%)
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Figure 5 TPD-NH3 of (a) H-Mor and its sonicated samples after
20 and 120 min, (b) H-Beta and its sonicated sample after 20 min.
Table 1 Results of NH3-TPD analysis of H-Mordenite
(H-Mor), its sonicated samples after 20 and 120 min, H-Beta
and its sonicated sample after 20 min.
Zeolite samples Acidity (mmol NH3/g cat.)
Weak Moderate Strong Total
H-Mor (parent) 0.420 0.628 0.270 1.418
H-Mor (20 min) 0.403 0.501 0.233 1.137
H-Mor (120 min) 0.417 0.562 0.240 1.219
H-Beta (parent) 0.418 0.204 0.158 0.780
H-Beta (20 min) 0.391 0.169 0.179 0.739
96 S.M. Solyman et al.indicating an increase in the particle size [25,33]. This means
that sonication most probably generates isolated silanol
groups at framework defects. A strong band appeared at
1633.24 cm1 due to more adsorbed water after sonication
which may result in increasing the unit cell dimensions [28]
coincided with XRD results. Different broad bands appeared
in the region 3000–3700 cm1 indicating more internal Si–
OH defect groups. These observations coincided with TEM
micrographs as shown later.
3.1.3. Transmission electron microscopy (TEM)
The TEM micrographs of parent zeolites and their modiﬁed
samples by sonication at different time intervals are shown
in Fig. 3. TEM micrograph of parent H-Beta zeolite shows
agglomerated clusters of small particles of about 7.2 nm in
diameter. Sonication for 20 min causes breaking-up of the zeo-
lite agglomerates resulting in separate small particles with an
average size of about 4 nm in diameter. Sonication for long
time intervals seems to have an opposite effect, where square
shaped re-arrangement and assembly of these nano-particles
occur instead of irregular clusters. Mostly, these square shaped
clusters (50 nm) could start building at around 20 min soni-
cation, the evidence is its existence with separate nano-particles
(4 nm) as shown in Fig. 3. It is worth mentioning that Tau-
ﬁqurrahmi et al. [26], prepared nano-zeolite beta with Si/Al ra-
tio = 12.5 having the same projected crystal shape and also
consistent with the small fourfold bipyramid morphology as
reported by Kuechl et al. [34]. Adsorbed water conﬁrmed by
FTIR spectroscopic analysis may play an important role in
this arrangement via hydrogen bonding. This phenomenon in-
creased with longer sonication (2 h.) resulted in increasing the
cluster diameter to 150 nm.
TEM micrograph of parent H-Mordenite shows the pres-
ence of a wide size range agglomerates between 29 and
80 nm. Sonication has the same effect such as in H-Beta zeolite
where the agglomerates broke-up into smaller clusters around
20 nm and reordered again with different morphology depend-
ing on sonication time. After 120 min, the cluster size increased
ranging between 40 and 250 nm.
3.1.4. Scanning electron microscopy (SEM)
The SEM photographs of parent zeolites (H-Beta and H-Mor)
and their samples exposed to different sonication times as rep-
resented in Fig. 4. The SEM analysis indicates that the mor-
phology and particle size of both parent zeolites (H-Beta and
H-Mor) are completely different. H-Mor looks like ﬂat oval-
shaped granules or pellets with a very broad size distribution
whereas H-Beta exhibits a spherical shape. H-Beta particle size
is smaller than that of H-Mor. After sonication 20 min, H-Beta
particle size becomes more homogeneous with the same mor-
phology. On the other hand, H-Mor morphology shows the
formation of hexagonal pellets with different particle sizes
indicating the de-agglomeration due to sonication. Sonicated
H-Mor (120 min) has a different morphology than that of par-
ent H-Mor and H-Mor (20 min) samples revealing the re-
agglomeration with homogeneity in particle size distribution.
3.1.5. Acidity of different zeolite samples
The TPD of NH3 on the H-Mor, H-Mor (20 min) and H-Mor
(120 min) are illustrated in Fig. 5(a) and that of H-Beta and H-
Beta (20 min) are displayed in Fig. 5(b). H-Mor samples show
three NH3 desorption peaks detected in the ranges of 100–300 C, 300–650 C and 650–900 C, corresponding to weak,
moderate and strong acid sites, respectively [21]. The acidity
of each peak was calculated according to the desorbed amount
of NH3. The quantitative estimation of acid sites and their
strength distribution are represented in Table 1. For H-Mor
and its modiﬁed samples (Fig. 5a), it is clear that sonication de-
creases the total and different types of acid sites. Sonication
not only deagglomerates zeolite particles (break inter-molecu-
lar bonds) but also causes some changes in the intra-molecular
bonds of the unit cell framework as veriﬁed before. This
behavior resulted in decreasing or increasing the different acid
sites with different sonication time depending on the changes
in terminal, internal and bridging silanol groups. As well, son-
ication nearly has the same effect on H-Beta zeolite which de-
creases the total, weak and moderate acid sites, Fig. 5(b) and
H-Mor.
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Figure 6 The effect of reaction temperatures and contact times
on the conv.% of dehydrated methanol and the Y% of DME
using parent H-mordenite (H-Mor).
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Figure 7 The effect of reaction temperatures and contact times
on the conv.% of dehydrated methanol and the Y% of DME
using sonicated H-Mor for 20 min.
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are more acidic than H-Beta samples.
3.2. Methanol dehydration to dimethyl ether
Figs. 6–10 show the conversion percent (conv.%) of methanol
dehydration and the yield percent (Y%) of DME on using par-
ent H-Mor, H-Mor (20 min), H-Mor (120 min), H-Beta and
H-Beta (20 min), respectively at reaction temperatures ranging
from 100 to 225 C and at different contact times (15, 30 and
45 min).
3.2.1. Dehydration over parent H-Mor and its modiﬁed samples
Fig. 6 shows that both conv.% and Y% increased gradually
with temperature up to 200 C then decreased by raising tem-
perature. The optimum temperature 200 C and contact time
30 min resulted in complete conversion and 100% DME. On
the other hand, the catalytic activity (conv.%) and DME
Y% decreased by increasing the contact time and the reaction
temperature. As it is well known methanol dehydration to
DME is an exothermic reaction, low temperatures are favor-
able to obtain DME, but raising temperatures and long con-
tact time promote an endothermic reaction to yield oleﬁn
and other long chain hydrocarbon which resulted in plugged
pore mouths owing to coke deposition and consequently lead-
ing to catalyst deactivation [21,35,36]. These results coincided
with the results of other studies which indicated that H-Mor is
selective to oleﬁns at 200–300 C [35].
Fig. 7 shows that sonicated H-Mor (20 min) exhibited an
excellent selectivity toward DME formation with improved
conv.% at all reaction conditions (temperatures and contact
times). For example, at 150 C the Y% increases from
45% using parent H-Mor to 100% using H-Mor (20 min)
sample with contact time 45 min. Also, it is worth mentioning
that the optimum temperature decreases to 175 C which gives
complete conversion and complete selectivity to the formation
of DME under all contact times. The complete selectivity
mostly returned to the decrease in strong acid sites (Table 1)
and the decrease in the pore opening as investigated from
FTIR results [24]. Although the total acidity decreased, the
catalytic activity increased which may be attributed to the
break-up of zeolite particles due to sonication resulting in bet-
ter accessibility of methanol molecules to the active sites.
Fig. 8 shows the performance of H-Mor (120 min) sample.
It is giving a complete selectivity toward DME formation un-
der all reaction conditions such as H-Mor (20 min) sample.
DME Y% is 100 at 125 C with contact time 45 min, at
150 C with contact times 30 and 45 min and at 175 C under
all contact times. It is clear that the performance of H-Mor in-
creased although the total amount of acid sites measured
1.418 mmol NH3/g for the parent H-Mor decreased to 1.137
and 1.219 mmol NH3/g after sonication for 20 and 120 min
respectively (Table 1), i.e. the catalytic activity and the selectiv-
ity toward DME formation increased in contrary to that stated
by other researchers [21]. This improvement may be attributed
to a synergism effect between: (1) the modiﬁcations of acidic
properties resulted due to the creation of bridging silanol
groups which enhance the formation of active methoxy groups
and thus the formation of DME at low temperatures [16], (2)
the decrease in the pore opening which increases the selectivity
to DME and (3) the new morphology with large clusters may
decrease the accessibility of methanol molecules to the activesites, so the conversion and yield percents increased with long
contact time and higher temperature.
3.2.2. Dehydration of methanol over parent H-Beta and its
modiﬁed sample
Although the total amount of acid sites in parent H-Beta
(0.78 mmol NH3/g) is nearly half that of parent H-Mor
(1.418 mmol/g), the results show that parent H-Beta is more
active and selective than parent H-Mor as being evidenced
from Figs. 9 and 6 respectively. This ﬁnding may be attributed
to a smaller particle size of H-Beta catalyst which facilitated
methanol molecules to reach the active acid sites on the sur-
face. The optimum conditions are 175 C and contact times
30 and 45 min which give 100% conv. and yield percent. Less
acidity of H-Beta relative to H-Mor resulted in more stability
at temperatures above 175 C and long contact time.
Fig. 10 shows that on using H-Beta (20 min), the conv.%
decreased nearly at all reaction conditions up to 175 C relative
H-Mor.(120 min)
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Figure 8 The effect of reaction temperatures and contact times
on the conv.% of dehydrated methanol and the Y% of DME
using sonicated H-Mor for 120 min.
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Figure 9 The effect of reaction temperatures and contact times
on the conv.% of dehydrated methanol and the yield% of DME
using the parent H-Beta.
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Figure 10 The effect of reaction temperatures and contact times
on the conv.% of dehydrated methanol and the Y% of DME
using sonicated H-Beta for 20 min.
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percent was 84.6% after 15 min and 100% after 30 and 45 min
contact time in using parent H-Beta, whereas sonicated sample
yields were 53.7%, 56.4% and 96.8% after 15, 30 and 45 min
respectively. Data for both are approximately the same at
200 C. The decrease in the catalytic activity of H-Beta after
sonication is mostly due to the decrease in the amount of the
total acidity. Also, the increase of strong acidic sites resulted
in less selectivity toward DME formation and enhances the
rate of coke formation and thus deactivation [37]. Thus it
can be concluded that the mechanical stress due to ultrasound
waves for 20 min resulted in more consequences of terminal sil-
anol groups which enhance the formation of active methoxy
groups and thus DME at high temperature (200 C), whereas
bridged silanol groups which form active methoxy groups
and thus DME at low temperatures decreased. Also, the rear-
rangement of crystals in larger clusters with square shaped
(TEM, Fig. 3) may decrease the contact of methanol to theactive sites resulting in a decrease in the catalytic activity of
the sonicated H-Beta (20 min). As a result, methanol needs
long contact time to be acceptable to the active sites at reaction
temperatures <200 C. So, there is no need to study the per-
formance of H-Beta (120 min) in which agglomeration to lar-
ger clusters is observed by TEM micrographs (Fig. 3).
4. Conclusions
From our study, catalyst characterization and methanol dehy-
dration it can be concluded that the mechanical stress due to
ultrasound waves on parent zeolites for different time intervals
has the following effects:
(1) Break-up and rearrange the catalyst particles and crys-
tals with new morphology.
(2) Change the unit cell volume, the crystal and the particle
sizes.
(3) Improve the acidic properties of H-Mor samples but
have an inversed effect on H-Beta (20 min) sample
toward the selectivity to DME.
(4) Cause structural defects in the framework and a
decrease in the pore opening which increased the selec-
tivity toward DME formation.
(5) Increase the bridged silanol groups in H-Mor samples
in parallel to sonication time resulting in increased
catalytic activity and selectivity to DME at low
temperatures.
(6) Increase the terminal silanol groups whereas the bridged
decreased in H-Beta (20 min) sample resulted in enhanc-
ing the catalytic activity and selectivity to DME at high
temperatures but a decrease at low temperatures is
happened.
Finally, we can say that the sonication technique is a new
and good tool for H-Mor and H-Beta modiﬁcation to be more
appropriate for the production of DME via dehydration of
methanol.
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